SUMMARY Linear and stereological morphometric methods were applied to the jejunal and ileal mucosa of young, adult, and old male Wistar rats submitted to protein deficiency and rehabilitation. The animals were fed ad libitum a 2% casein diet during 42 days and then received a 20% casein diet for 30 days. Food intake, body weights, and plasma protein concentrations were recorded. In the young protein deficient rats values of mucosal height, surface area, and volume of the lamina propria were significantly lower than those of their age controls in both jejunum and ileum. In adults the differences were less marked and in the old rats all parameters were found to be unaltered by the protein deficient diet. The surface-to-volume ratio showed no significant differences between control and protein deficient in all three age groups, meaning that villus pattern did not change with protein deficiency. On rehabilitation, a striking difference between jejunum and ileum was observed in the young rats; all parameters returned to control levels in the jejunum, while they remained lower than those of their controls in the ileum. 
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volume of the lamina propria were significantly lower than those of their age controls in both jejunum and ileum. In adults the differences were less marked and in the old rats all parameters were found to be unaltered by the protein deficient diet. The surface-to-volume ratio showed no significant differences between control and protein deficient in all three age groups, meaning that villus pattern did not change with protein deficiency. On rehabilitation, a striking difference between jejunum and ileum was observed in the young rats; all parameters returned to control levels in the jejunum, while they remained lower than those of their controls in the ileum.
The morphological alterations of the small intestinal mucosa have been extensively studied in human malnutrition. [1] [2] [3] [4] [5] 18 Small segments (1-5-2-5 cm) of all killed animals were quickly obtained from proximal jejunum, just beyond the ligament of Treitz and from distal ileum, 2-3 cm proximal to the ileocaecal valve. These segments were placed serosal side down on a piece of cardboard, immersed in Bouin's fixative for 72 hours and embedded in paraffin; blocks were sectioned on the same microtome, at the same setting of 4 ,um and stained by haematoxylin and eosin for qualitative examination of the mucosa and by Periodic Acid-Schiff reaction for measurements. All samples of jejunum and ileum were evaluated blindly by one of the authors (MAMR).
MEASUREMENTS
In perpendicular oriented histological sections, mucosal height was assumed as the distance from the apex of the villus to the base of the crypt. Using a calibrated micrometric eye piece 20 measurements were done in each segment of each rat at 40 x magnification. Measurements of the mucosal surface area, volume of the lamina propria and the relationship between these two parameters (surface to volume ratio) were performed according to Dunnill and Whitehead"1 slightly modified. Briefly, the sections were projected with a Zeiss projector on a template containing 15 equally long lines (1=1.37x10-2 cm). The magnification and the distance between the projector and the template were kept constant throughout the investigation. The number of cutting points between the mucosal surface and the lines was recorded. The number of endpoints of the lines hitting the tissue between the mucosal cells and the muscularis mucosae was also recorded. The mean number of cuts (c) per microscopic field is proportional to the mucosal surface area; the mean number of hits (h) reflects the volume of the lamina propria and the relationship c/lxh is an expression of the surface/volume ratio, which is an index of the complexity of the villus pattern."1 The minimal necessary number of fields to be counted was calculated by using the progressive mean method,19 which showed that the minimal sample size was 15 fields per section; 20 fields were counted in each section from each rat.
Profile analysis20 was used for statistical assessment of the results. This analysis was carried out with all nutritional and morphometrical data gathered at the three experimental moments (Ml, M2 and M3). We will discuss only data related to the effects of protein deficiency (M2) and rehabilitation (M3).
Results

NUTRITIONAL DATA
The protein deficient rats exhibited loss of hair especially around the neck and over the perigenital areas. They also became apathetic and irritable when handled. These abnormalities were most marked in the young rats and gradually disappeared on rehabilitation. Only one young protein deficient rat developed diarrhoea three days before being killed. There were no deaths and oedema was not observed in any of the animals. Mean food intake per unit of body weight in young and adult protein deficient animals was greater than those of their respective controls; deficient old rats did not show any quantitative alteration of daily food intake.
The protein deficient rats of the three age groups showed weight loss, so that their final mean body weights were significantly lower (p<00001) than those of their age controls (Fig. 1) . On rehabilitation, the body weight of the three age protein deficient rats rose significantly (p<00001) when compared with the values registered at M2. These values were significantly lower than those of their respective controls for the young (p<00001) and adult (p<0.002) animals. Young and adult control animals gained body weight throughout the experiment (Fig. 1) .
Plasma protein concentrations were significantly lower in the young (p<0-0001) and adult (p<0O0009) protein deficient rats. On rehabilitation, these values rose significantly in both groups, but in the young animals they remained lower (p<0.0003) than those of the controls. There were no significant changes on plasma protein concentrations in the old rats during protein deficiency or after rehabilitation (Fig. 1) .
QUALITATIVE STUDY OF THE SMALL INTESTINE
Visual inspection showed diminished circumferences and thinner walls, especially in the young protein deficient rats. The mucosae looked pale with less prominent granularity than that seen in the control rats. Microscopically, the villus pattern was maintained and there were no distinguishable differences on the histological findings neither among protein deficient, rehabilitated and control rats, nor among the three age groups. The only abnormality found was in the ileum of the young protein deficient rat which developed diarrhoea. The ileal mucosa of this animal showed patches of low flattened villi with inversion of the villus-crypt ratio. The epithelial cells covering these atrophic villi were cuboidal but no inflammatory changes were seen in the lamina propria. (Fig. 2) . In the ileum, mucosal height returned to that of the control values; the surface area rose slightly but did not reach the values of the controls; the volume of the lamina propria also rose slightly, but was not significantly different from those of the protein deficient animals (Fig. 3) .
In the adult rats, the variables measured in the jejunum and ileum were also lower in protein deficient animals but the differences were less marked (Figs. 2 and 3) . In the jejunum, the mucosal height and volume of the lamina propria of the undernourished animals were significantly lower (p<0-02) than those of the controls. In the ileum, the differences were significant for mucosal height (p<002) and surface area (p<0-04). On rehabilitation, the values of these parameters increased up to the levels of the controls in both jejunum and ileum (Figs. 2 and 3 ).
Old rats, did not show significant differences between age controls and undernourished or rehabilitated animals for all parameters measured both in jejunum and ileum (Figs. 2 and 3) .
Neither protein deficiency nor rehabilitation affected the surface to volume ratio of the jejunum and ileum, in all the three age groups (Figs. 2 and 3 ).
Discussion
Our results show that the histology of the small intestinal mucosa and the linear measurements of mucosal height are in agreement with previous studies on protein deficiency.69 There was reduction in mucosal height, surface area and volume of the lamina propria, in both jejunum and ileum, especially in the young protein deficient rats. Hill et al found that villi of young protein deficient rats were thinner than those of controls; we also observed narrowed villi in the jejunal mucosa of adult rats on protein free diet.9 The thinning of the mucosa suggests that protein deficiency affects not only the epithelial cell compartment 122 but the mucosa as a whole.
Because there was concommitant decrease of mucosal surface area and volume of lamina propria, surface to volume ratios were similar in protein The human syndrome is often complicated by infections, infestations and other nutritional deficiences25 which may play a role in the alterations of the mucosa.
In our model the small intestinal mucosa, although retaining its villus pattern, was affected by protein deprivation and was capable of recovery with protein deficiency reversal. The young protein deficient were more severely affected than the adult and old, age rats. This is in close agreement with the nutritional data: both morphometric and nutritional results emphasise the greater susceptibility of the growing organisms to the deleterious effects of protein deficiency. 
